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i «&fcfes i?^§!2 sstejf t ©rot. h ^^-^m^n h 




1 

imnt#<r>mmi 

intern i &\±m&xfm2mttLmz:^L. t%m2m\^ 

i «tts t 2 rat* g fc co n -c\ h > t> h 
ftzuftfcfozz t zftrnt-tzmamm* y m+ 0 

t -i-zmvmm* * y §?t ^ 0 

5 ] 1 7I/3E4 E«c<7)l ^tlfrtommt 

1 0 0 0 1 1 
[0002] 

aft, «*B«aas«cttffl*nT^«3p 30 
Kx-f^^ajta*^*)^ cti6^F»^^.^-ey izm 

[0003] **«te**yo»affcc#»a3! 

SflftLt, (GMR) S:fiJJBLfc« 

tt*K**y*^as»6JxTv*s. r.oE*«*«ttS* 
S^ttKSttett^* (AMR) 

9. iSWfi (18 0° 5S?^rf6]) *>»£\ ftAi:45St 
[0 0 0 4 ] ±EE*«««tt«b*S:fiJffl Lfc^aHBtt 

l7ia*Sr*JfflLfc^»*tty^y t Lttt, ISHKffS: 



o 

34 s if ft L 4i *ttt£J|;::ttffll«rft$ atf» »7 ^ y Sri** 
[0 0 0 5] [7,t°>A/^S;;op-C] 33t*SS#**n 

* 5 fc* it r-« f t& ^ ^ s: f t-f z> m&m :zmm & Ett-t- 5 

f£\ Phys. Rev. B. 43. 1297(1991) lZl~± y BftJRN iFe/ 
C u /W&M N i F e FeMn^ 

ftfrftiiN i F e/F eMnffiTOS*S*tti:d: 9 
S^^ix. *fe^^>«tt« (7!)-S) <0«ffc:frfitt*3 

Sr**4xtf, 2oO«ttJB<^«fb^ri6]S:E|— ^ifijxfiijfr 

[0 0 0 6] r^^t">y</uyjK^f1JfflLfcB14»^^ 
y S-T-c 1 : L T, USP-5, 343, 422(3^:$ tlTt t>^0^*P ^ 

r 0j , r i j 3^ 2o<7?KttJB<^aftjN r p&i^H--^ l 6j 

Rrtzmm,m<Dm^&w>&-fz>zkiz£<9. s^iA^tt 

[0 0 0 7] [ig7xyi(:oPT] Jpn. J.Appl.Phy 
s. 33(1994)L1668(Z(i, C o P t 

RJEftJi (^n- KS) tNiFeCo^e>i-5tk8tti 

fi, ^- Kit \*m<Dm{tJjfa&m---xm<Dm&k 
[ooos] z(DM&mm&mmLtzm&mm**rvm 

t-HT, Jpn. J. Appl.Phys. Part2, 34 (1994) L415{^^ ^ 

[0009] ^cx% r.^«tt»i»^^ey3|i^izWfas: 
1001 0] Bll 214, ^^»tt»Bt^*y*-iF-!z % « 



(3) 

3 

45. X, 1 Ott#HB«S#S:**S-fr5»*ii**»'C*> 
£ 0 ^LT, Kii4 2(D2-o<DmitJjfaiZ s 2 fifcO 

r o j v r i j fimvmxbtiz 

112 ( a ) CDi#-&, S^ftHEl 0 1 0 a j&SJg* 

£U ^CO^m, hi4 1 <7D«ft*r6]tt4 1 a % »n 

— Kg 4 2 0«ft*f6jJi4 2 a iZ/^ *9 . (b) K 
fl*fHS9<0*WH8JM 0 b^tL, ^cO/Sm. y^h 
14 1 <7)«ft*lRltt4 1 b. KB 4 2£>«ffc;frfplM: 

4 2bi:45. (SI, tti4*0*^tt, y7hi4K£ 
iTT"4<^- Ki4 2<0«ft*r6lSraA5^ic+^43S 

[00111113(1 112 (a) :r^rLfcS«FfHg 

HE*aj"r»-&JcttHl 3 (a) Ci^LTtJ: 3 
f^ftlal 9 <£>i§i > (y7 Ng4 1 o«fk*ipjft:*t^^ft:-f 20 
5ffl£#3fcK) WMlOa^ (b) l:^Uci:3 4 
WMH-EJ 9 <z>Sir ^«H8# 1 0 b 755, ~ tt^fVR 

i5i:(j;tSl r £SfELT:fc5< 0 
[0012] R^fUHl 9 055 1 1 0 a 

^- K14 2W^f6]4 2 a ^|^-^(;^^ ^Pff 
I§]9 0»^*»«#1 0 a SrJfflAfcSfr&twii, y7hi 
4 1 (DMitJjfa 41b^ Kg 4 2 ComitUfa 4 2 30 

[ 0 0 1 3 ] HI 1 4 m 8 ( b ) IZTjk L tzmn\E 9 <o 
[0014] ::t\ (a) ir*LfcJ;5fcfiB*W-E]0 

^at^*B«*l 0 a SrJP^fcW^JZtt, V7H4 1 
<F>m\l3jfa 41at, ^-Ki4 2 (DmikJjfa 4 2 b ^ 40 
i$*f^)(:4 9, (b) (w^LTtJ: 9 *B$f+[n] 9 cog§t **f* 
SBfiSjF 1 0 a Sr*niyt4i^:r(i % :/7hl4i cDMikJj 
lRl4 1bi, KB 4 2 (omttfifa 4 2b 

«EEV*s±#-*-5 0 
[0 0 15] ±J£<0± ^iz. »tiA^Lj»i 0£S6ix4« 

5^fflJ«#fraifc£^fc»g\ ^- Kli 4 2 <omt?jfa so 



4 

Vco^iiSr^ffi-t-^ t izx 9 . K®4 2co^fL.lJ 
fair LTE«$nri^«?RSrBE.^i±li-c 
[00.1 6 ] 

- 2 0 0A<z>#Mf MSt ^BHiJi^, c u 4 t*coagmt±# 
mam & 4 iK±a«t5 fc *>mm*s «t v res y a -t * 

[00 1 7] i^BttatR^^yt-ii, **vm 
■T-tfW hy 5/^^;:EBSii, fa 

^ j Ey*-r-<z>if*MtftWAt*»ir:w}»< . 

45 0 ffioT, ItM^<U^y(/)fi^< 

[0 0 1 8] **WJi* A^^tE*<^36W!c* 

6*9, (B;«tt"C'«!7-p;*as^*< , Atifbmg 
*«tt*«>-=ey *-T-*5«tC5Stttt*«^^e 'J Srftffc-*- 5 

[001 9 ] 

* ss PfT**natt«aa«!R2fl«4BS:WL, mm 2 ma 

l«tt«i:K!B2«ttJli:^WJ-c 1 h^-*/ua*)iq#e> 
[0 0 2 0] X, *^!:^^^illil^yir 

[0021] **Wca^5«t£»«!* y m^- 

±ia»i«tt«av«2«ttiB^tt*nfcie»«o 

[0 0 2 2] 3^. **W{w^*5«BEtt»«^*y*^ 

[0 0 2 3] X. **Wiw^»S«i4WHIy*y fi, Jb 
El ^ii**o«tt»BS^ y ^T-//^ -v- h y ^ 
e^>J S n fc Eti«^^5 9f t . KX rti 3fc 6 4x fc 
fltTE«8i4»l«*^-/jS. iE?'J:w««E$nfcK*ttS Littt . 

■C13t+&iifc 2*coi8 : t3A^^S;tCi-5 z t teWfot-t 
[0024] 



mm^smmm^^K} . *#ft««j£fii£ft^ (mr$ 

ft*) Sr»5Zi:dST#5 0 

[0 0 2 5] X, h^^Mi:J:oTeil^iia 

y *^»fitS:/hS < T 5 c £ *s-e# 5 C 
[0 0 2 61 X, ^l^fflirLT, ^7^>K7 

[0 0 2 7] *«W^*^»s«tt*BI^ y 

mmmx-hztztb. **fi*»iexex\ *y 
[0028] *^c^5ittii^^yi^^ 

[0 0 2 9] 20 

*«WI-«S«t£»BS^^eySl^{i % 1 S£te/f <!: |g 2 

^ffift S T-PiT T tfir > v ^ /u^ y T Sr f£ o T 

M a g n . Mag 
n. Mater. 98 (1991) L7-L9) 0 

[0030] ±E«js h^y >i/ab*«z»#i- 

5, mi«tt«<t»2«ttS<0«ftS*«tt¥firT\ ft 
oT, «l«tt8&^ft2attii^jDKLS^ei5ffi#cog£ 

[0 0 3 1] -t LT, ±I£«£M h y >^a*;zj: 9 
JBl«tt«i:»2«ttttBo«{t*|pl^, fH]-^f^cOc!: £ 
i-«ft«ffi*ste< »*rfi] d 8 o c jjfif^rfij) coir 
#KB5<ft5. Sot, ^ffl«ffi^J:PJBi«tt«^* 
^«ft*[&JSr— 3tcoW^T^ft^^^-& (Will fit 



U> »PB¥9-9 19 4 9 

6 

[0 0 3 2] «l«tt«tt-C*5it*itai*#HFC 
a # T*8H t # ^ ft i" 5 ?&5# #> 5 & * . f£fi£ * li 'J * 
$l^S«t<. *f* L < it 5 0 [Oe]£JlT, J: 9 6t £ L < 
il 1 0 [OejWTT'fco, d ^-ef:?c^^C0i6H^ 5 0 I0e] 

WTt LfceDIi, 5 0 [0e]ct y *3 ^ir^ftA-f^Sr^x 
o £ # !z % m ^SB«# S: J6± 5 ir 5 «SEAS^» :r r> 5 

*t*DU »»f^Sri"5r.ir^4>S^e>-e*So ft* ^tt 
«*fi, 5-1 OOnmt'fcSlWSjfSL^, 5nm«fc 0 

Ttt, Fe. NiFe, N i F eC o^ffll^:H» 

[0 0 3 3]-*, *2«tti^ftBSll £lflH9=j| 
O««^±0^<-|-5 i gj^sfc9 % *t£ L < fi5 0 [0 
e]w±, «t L<fii 0 o[0e]JW±T*fc5c 
K«*^t8HSr5 0[Oe]J^±£ LfcWi, 5 0 [0e] X V 

ix, > j ey^»«$nrL*5c. ( t35Sfc5^6-e&s 0 

ffl^c. 8ff^J«l»*«=SrBIS-r5r4:{z e fcf9Sf^o 

ei¥(^oi^x^. 5-1 
0 OnmT-fc^r t^jifS L^ c X, sB2«ttW^«-»i: 
LTH Co, CoFe. CoPt. MnSbl^l^ 

[0 0 3 4] ±fH»l«tt»£»2«tt8o««^^ 
tt2 0[0e]JW±|±^ST% #£L<f*5 0[0e]WJ:, «fc 
30 9»SL<|il 0 0[0e]«±T-fc5o ^ITftB^col 
^2 0 t0e]J^±£ LfcOfi, KI^^2 0 [Oe] X K) 

f^^tt^Sft$^^fc^^*ax^^^#coifs^tftiE 

[0 0 3 5] X. ±IB««h>*y >^a*«:»5fca{) 
i^li ±EJBl*ttWi:»2«tt«^«*nfc*|»JiiD 

Onm. ± Pif^ L < 111 — 1 0nmC0|5IST^^ o :: 
10 T% ^^gOgl^OiEia^ 1 — 2 Onnit Lfc^li, 1 run 

yr^^fig^ixi*, 2 Onmi 9BEl^t h^ii^^M 

> K7>f ^^-Ttfv (WT. DLC<ti^9) , Ttfy/^ 
^r->y u>-. T/u5^f>ASrifig»,!:-r4ilft4*^*{-f 
5>ii5#. DLC, Xfistfy ^<^^f •> y u varffli^S Z 

0 [ 0 0 3 6 ] [**Wiz^/r*sBW*.»«l> -*e y Hi^-coKi 



[0 0 3 71 HI tt. C^BttWJBt^^ey*^^, tffR 
ttll fc*2«ttli2A*&4« 0 X, 1 0tt^»«»«r 
tf«2«tt«2tt«{fc<*ix5 0 tit, m2mVtm2(D 

mtii\P\\z % 2m<D r o j , r i j 34s«9STe>na 0 

[ 0 0 3 8 J m 1 ( a ) <D#£\ 1 0 £tft*l 

S^gffJZct*}, K^fH3 9 1 0 a ri^g£ U 

JKlKtt«l^«ft*rtlttl a. *2«tt« 
2(0«ffc*|fitt2 a , (b) NFfHUPO 

ffc*|Bjttlb, *2«tt»2<0«fb*|pltt2 biz4* 0 
r*h *l«ttJBlff*t"Cft<*2« 
tt*2^«ft*l«S:**SO^+5>4»«^»«||Lfc 20 

[0 0 3 9] HI 2 tt, HI (a) lw5*LfcRBSffE19<E> 

#HfB«*i o a -e»#ia*nfc««fc. m&&-tm&& 

Bt*tU-*-»'&JwttBI2 (a) Jz^LfcJ: ^ftSWW- 

MWlOa^ (b) KiftLifcJ: S/jrWW- 
ia^Si^SMBjn 0 b*s, zco«lT% Btt^JgM-e 

[0 0 4 0] - - T% SB»tHBl9^nir^8HB||ll 0 a 

&iw?itzm^izte^ m 1 bi^b 1 (DMitJjfa lat, s 

2«14»2 0«ft*(S]2 a ^SH— *r*lC*9 . WPtUB 5 
<B»l >*8Mtt* 1 0 a SriD*.fc»&i3tt % « 1 1 
^«ft*l«ll b M2M&m2<DffiiikJffo2 a ^ifi* 

H5mS£^ft£-£fc<!: #c % IttSi/^-yi^ffi 40 

[0 0 4 1 ] 13(1 il (b) ^^LtzmH&W (Dft 
SBSttffl 0 bT?»#»4ftfcftf««:, K*mi"»&Sr* 

[0 0 4 2] Jxmm K> ^SBBJH i o a 

2M&m2<DmttJjfa2 b&mjj&iiztj:*) % mm*)(D 
5§i ^fflflSW 1 0 a S:»Pifc»-&iztt, M i Bt£J® i co 

«ft*ipi] bt, m2m.&m2<DMitJj&\2 bt>m-jj 



<5) »«5P9- 9 ] 949 

s 

or, a fts*, «e»»7<*y#^oHia«i 

[0043] ±J6(^J: 9;;. *=#iA^»] 0 4:31*15* 
[0 04 4] (SJ % *tt»ff*r|*9±ofc£*t::, ffiiB 

h y y?xmzm&nm**y k^stemltb 

[0 04 51 14 (a) »««r«5*UJ-*-i:*:^ « 
f?*^/u>^^;gEt^9) ^ v (b) . (c) 11, (a) 

(a) iZ^LfcJ: 9 JZ, tf^^A^^^nftix^^^^-ufpjj 

tiztmmftfrmt-tZo 0^9. +m<7)tz. 12. 

3(z^LfcR«pfHg9^Kff^s«^L, -(PJjo^t, m 
2. 3{z*LfcS*»MHl?)^«||L^S5B5fei-5 0 f LT, 

*2«tt«<D«ft*l"I«Cf£;CT, (b) iZ^L fzX 9 ;r 
Ji#-*-5^\ Xfi (c) Jw*Lfc«fc 9 iw^T-r^o 

[0046] \nn*m^ft-tt $iz^ ma (d) ^ 

^ L J: 9 tn + ffi|<0«*^*t SrSIt L T t> * 2 ^tt^ co$£ 
ft*rt!Sr*JISN-6c4 3»s-e#a 0 ^^m-^. tW$S^Ij!^ 
ttii~<!:#£w, WttWR^ysrpj-fi, +«|<z>*8fcizJ: 
(H2, 3{r*LfcSB*fHg9^«#) 

fcCX, (e) !w*L-fcJ; 9iw^KiL*l^ % X^i 
(c) iz^L/cJ: 9(c^fb-T5 o ftot, 

ztizxv . » 2 «tt«(D«ft*rt] r t^T- 

[0 04 71 (^j, ^2^t±®c0 2oc/^^ft^f^{i % 2 fjS 

<30 roj % r i j izMoarbixTi^fc*, !f?2i&l4 
mz&^zxtfci. *2Ktt)B^>«(t*i6i^l*tt»i. B 



9 

[0 04 8] [**Ww*^5ttffiS«* * y !:oi * 

[ 0 0 4 9] [115(1, fiStt»fl|y^!i;:Ri7-5Jlli i a 
5^¥ffi[H (a) H^AA' IgrSH) (b) BE 

1 £*2«tt«2tt h^*'U»£$;hrCt*T. 
SSi'r<cSo X. JB2»*SfeH2<DtS«^tt. Iilttil 10 
[0 0 5 0] «L **Wo«tt*gl7<*y*-?.|c»^T 

[oo5i] ±&mvmm* * y m+^mt^Mm 

[0 0 5 2] H6tt, ai4*J»^-=ey<D5pDBEI (a) t 

^cdbb* mmm (b) mz&frmi 1, 1 

2, 1 3 £S#iA^MSj|£2 1 % 2 2, 2 3^I$t5 
^^ii L 3 1, 3 2, 3 3*ttW«C«*tSixfcSB^, 30 

[0053] satt*«i>*y*^-35s-e h y 

*^JB2«ttJB<o»ft*rftSr^ftS-li:5^ 

Lfc»*a*i!it»o-cEw**Lfc«tt»gt^ * y 
^^eyicd, ^T»*ii**sfjfojx5 o ^ot. mm* 40 

[0054] ::t% m$&^i&tm£&*ffifto%k<DM 
Jjlz9M&9L-tZ tlz£ y . h y y?*mzEi?il£ti 

itmm*m* * y »co*^oKfk*r6jfc**tsrgif 



> #^^P9-9 194 9 

10 

[0 0 5 5] §7 ( a ) ;:JH I w 1 fi«£ iA^|& 
l 0S:SEii5»*ji*«gttSr^L, I wfi»£i&^iiffij 
*»2 OSrSEii*##i&*tBttttfltSr*"*- e ^LT. Hw 

Sr^U Hwil •#i&**iJ!&«at I wizj: 9 36£Lfc 
It # ^^"c, d ttiA^l^Hwl 

<^»2«ttfl|<7?»«^J: 9'h<*t*fc#>, — ^<D«#fc*«t 
*2«ttJi«>»fb»filSr«*.Swfc*s-e#*t^ 

I w l ^##iA^MSjm»S I w(O^S-»K 

[0 0 5 6] HI 7 (b) fi, f#iA^tt*Hwl, 
i&^*t«J»#Hw, ^l#HirU ? l21ttf2« 
fLSSfcU «r^i- e ^I#Hllt I2« 

i2 0tSt^J; ^2B£i*felf 2ii. 

h i <Dmit^Bi&4 izWiitef&ft<Djjfaiztj;Z) 0 tn, m 

#ii*«SIE I w 1 J; 9 3§£i-5#£iA^fi£#Hw 1 

tt. ^2att^2^^ft:S^^4(C^{5 > Sa^^T\ « 
fMBlli t#iA«*Hw 1 of ^) t^iA^lSt 
I w 1 lz£ 

[0057] @8 (a) HI 7 CO$# iA^®Sc I w 1 

X. S4t5t#iA«^Hw 2(7)^r^]t>H17 0S$iA 
^8#Hwi i:S(D*f6](:i5 0 Sot, (b) (zij* L 
fcJ: 9i-*2Ktt»<^«ft^F6lB 2 t>IU7(7)^{t^-^]B 

[0058] ±it(Dj: 9(3, h y y?^tk\z^ m&m 

[0 0 5 9] -7 h y 5/^^«i'CE^J*ixfc«tt» 

[0 0 6 0] (Uttffij 1 } t l J^ttM 1 



(7) 



£MJfl3P9-9 194 9 
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t LTF e , TO^l^2Hi|2HTCo t 
lfrfjS:Jf3 t LTDLCSrfflt\ Fe (5 0nm) /DLC 
(2nm) /Co (5 Own) <^3ftB«4 h >*>M* & <t ^tt 

* 9 0^t«££ii&«i SrH'** tz * :z f£« L fcKftofta 
O (a) <t^ffi«^:ii (b) £^-r c ft. ffiiSUSttftSU 

(ill* 4 aS^ffi-eSUDBSSI 5 0 0 [Oe] CO t> <t T'SJ^ L 
tz c 10mDifi^^Fe/DLC/Co3i 
IM«L, VSM-e»ft**fc«r«-<fc 0 
[00 6 1 ] J£JlTi:, Sfflihy^/^Sr^t^I 

fee 

[0 0 6 3] 

A r 



12 



Pa 



5X10~ 
1 0 SCCM 
0.5 Pa 
1 0 0 W 
0 . 5 nm/ sec 

X 1 Omm^fi^lw^^^-^^^L, Il»f 1 £ L 

tO 0 6 4] fclZ. Slittil(0±l:/7X-7CVD 
S(Z J: 9 WTt-*-rj*ll)t*#-C?D L CflHSrgtJi: 2 nmT^ 

[0 0 6 5] 



Pa 



3 X 1 0 ~ 3 
1 0 SCCM 

3 Pa 
100 f 
1 0 nm/min 

:H tl#bilfcDLCl^, 0 3mmJw«j|W*niU *£ 
BM3 t Ltz 0 
10 0 6 61 a^t, :ii^MDC7,/<-7^^f(;^ 

U ^T^S^frt'C ol^rilS OnmtfMlto 

[0 0 6 7] 
WMfeJl 5 x l 0 ~ & Pa 

A r 1 0 SCCM 

^K^JE^I 0. 5 Pa 

&A'*!7- 100 I 

elcSl/- h 0.5 nm/sec 

' o LtftbiifcC o/f £\ *l«ttS£ISI«:iia»»D 

X&tif.'-J; «9 1 mmX 1 OmmCD^ h ^ Zfm^'*? 

? L . 1 mmX 1 mracOF e/D L C/C o <£>3£ 

h >*/MK-& 9 SrJKjsK L , KSLlSfiift«*lfl--fc 0 
[0 0 6 8] X. W\$k<Dj5feX* 1 Ommx l OnunO h V* 
/MK-fr«r»j*U Wfb*»t>«^<fc* tott*, mi 0 
Iz^Ltzm^i&fKmmt. HJ1 1 !:SLfcVSM!:j:S 
fl£ffcffl*jU5^#bixfc 0 -^T\ 111 Oic^LfcMRffift 



*I4 (AR/R) x 1 0 0 (R : JKfltlffi, A R : ffiJafifi 

1 0 0 [Oe] WTT'l 2%<DMR^\tmm%hi\tz K 
[ 0 0 6 9] :^>F e/DL C/C o»tt h>'^/U}| 

WTO J; 5XS-efl=SJLfc 0 
[0 0 7 0] *-f\ *7^a4E±oBt*tiiL*lS:»fi!ci- 
^Jfl-oOO [Oe] <0«4&SrfpiDL<C^^F eiSSrlg 
*¥5 OnmT'^L/cL^ JRftiDXatfiSrJSl >T 2 ;imX 

io i o vm(omjjmiz/<?--~>y f L, m i i > l 

[0 0 7 1 ] lklZ % mi ffi&m 1 (D±iZ^T^r> K7 
-f^#-7tf> (DLC) K«r««2ra»J*U »»*0X 
U S«ii3 £ Lfc„ 

[0 0 7 2] 8t^t\ BS:il^DC7A y .^f;:^ 

U F e/B^»-&i:H«t<D«[»S:PpJniL*^6. Coi 
Sr/USS Onm^fiKLfcJft, «*IB*nxaW(3 «t 9 1 // m 
20 XI Omhi^^ hy^ytC^^-^^/l, H2$£tt 
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